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Osteogenic Sarcoma of the Skull

A Clinicopathologic Study of 19 Patients

ANDREW G. HUVDS, MD* NARAYAN SUNDAARESAN, MD.t SARA S BRETSKY, PuD¥
AND AVITAL BUTLER MSt

‘The suthors studied 19 patients with well documented osteogenic sarcomas arising in the skull, which
represent 1.6% of all osteogenic sarcomas registered during a 00-ycar period (1921-1981} “fen
SAICOMAS Were primary, de nove tumors. Nine others developed secondary osteogenic sarcomas; among
these, six arose as a complication of Pagets disease, two followed irradiation, and onc was associated
with pre-cxistent fibrous dysplasia. The sarcomas arose in cqual proportion in both sexes with the men
being much older (mean age, 44 years) as compared to the women (mean age, 31 years), Patients with
de novo osteogenic sarcomas were considerably younger than these with secondary lesions, Osteoblastic
osteogenic sarcoma was by far the most common histologic variant in both the primary and the Paget's
sarcomas. Nome of the patients with Paget's sarcoma lived longer than § yeur; the median survival
here was 4 months. Patients with de nove ostengenic sarcomas fared much better and there are four
long-term survivors (longer than 3 years) who arc curently disease-free.
Cancer 56:1214.-1221, 1985,

THE DEVELOPMENT of a primary or secondary osteo-
genic sarcoma in the cranial vault is a well recog-
nized. atbent exiremely infrequent occurrence, with an
ominous clinical outcome.' ' The habitually fatal con-
sequence of sarcomas arising in association with Paget's
discase of the skull, as is the case so often at this
analomic location, represents one of the most feared
tvpe of sarcoma known.*"?7 A comprehensive re-eval-
vation of all osteogenic sarcomas at Memorial Sloan-
Kettering Cancer Center gave us a rare opportunily Lo
study the manifold chinical and pathologic manifestations
of these neoplasms, compare those which arose anew
{(de nove) from previously normal calvaria to examples
which followed irradiation or Paget's disease.” ™ This
analtysis updates the study by Caron et al. and extends
the review of the surgical experience of Thompson and
his associates which included five cases from this Cancer
Center. ™
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Maiterials and Methods

We have reviewed the clinical records, roentgeno-
grams, and pathologic material of all patients diagnoscd
and treated at Memaorial Hospital for Cancer and Allv
Dyiseases between [921 and 1981, in whoem the diagnews
ol osteogenic sarcoma was repistered. Of those case
reviewed, more than 1200 were found to have adequuw
hustologic. radiographic. and clincal documertutien
available to definitcly warrant additional dewailed eyl
uation. In 19 patients, the sarcomas arose 1 the skull
This study includes only those cases in which the
osteogenic sarcornas were of skeletal ongin and the
diagnosis could be authenticated by microscopic exurn:
ination,

Osteogenic sarcoma was considered te be a4 tumor 'n
which the malignant spindle cell stroma directly tormud
osteoid or primitive bone’? No cxceplions were made.
and no sarcamas were included in this study o wlhich
these basic microscopie features were not met: thas
fibrosarcomas, malignant librous hisuocytonias with or
without “reactive ossification.” malignant glant cell 1u-
mors, or chondrosarcomas with metaplustic or endo-
chondral ossification were eliminated from further anals
ysis. Similarly to ostecogenic sarcomas at other sites these
tumors were histologically subclassihed into chondros.r-
comatous, fibrosarcomatous, fibrohistiocytomatous. -
teoblastic, small cell and telangicctatic types, Addition-
ally, a specidl cawegory was created for those cases 5
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ALL PATIENTS

— — — —MALE
_______ FEMALE MEAN MEDIAN RANGE
- IN YEARS
MALE 44 37 11-82
‘ FEMALE 31 28 9-55
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FiG. 1. Age and sex distnibution = 3
in ten males and nine females with g8
osteogenic sarcoma of the skull -
The malcs are considerably older. Q
&
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3
=
=
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ALL 7e 33 §-82

which the histologic study failed 1o show a predominant
maorphologic growth pattern. designated as the mised
paticrn.

Regular annual follow-up was conducted on all pa-
tients inciuded in this study and forms the basis of the
survival analyses 1o be discussed in a subsequent section
of this report.’*¥

Results

There were more than 1200 histologically verified
asteogenic sarcoma paticnts diagnosed and treated at
Memorial Hospital for Cancer and Allied [iseases during
a 60-vear period {1521-1981). and 19 (1.6%) had tumors
which arose in the skull. The first patient was scen 1in
1943,

Among the 19 patients with osteogenic sarcomas of
the skull, ten were primary de nove tumors and nine
developed as secondary sarcomas either superimposed
on Papet’s disease of bone (6 cases), or in two as a
complication of previous irradiation or in one, associated
with fibrous dysplasia. In one patient the radiation was
given as treatment for a nasopharyngeal carcinoma, in
the other, for bilateral retinoblastoma.

The ages of the patients ranged from 9 to 82 years
{mean, 38 vears; median, 33 vears) (Fig. 1). The mean
age of patients with de novo. primary 0stEORENIC Sarcoma
was 26 vears. while those with secondary sarcomas
averaged 48 years. There were 10 males with a mean
age of 44 vears (range, 11-82 years) and 9 temales with
4 mean age of 31 years (range, 9-55 years) Three
paticnts were 13 vears or younger { 16%).

40 4950 5960

YEARS

39130

Clinical symptoms and signs varied with the location,
size of the tumor, as wcll as the rapidity of growth.
Fiftecen patients noticed a mass lesion on their skull and
soupht medical attentien (Fig. 2). The remaiming three
presented with neurologic symptoms;, one with headache,
nausea, and vomiting suggesting an intracranial mass,
another with facial palsy from tumor involving the
temporal bone, and a third with proptosis. The duration
of symptoms varied considerably from 2 months w §
vears (median, 6 months). The shortest duration was
seen in patients with Paget’s sarcoma, in whom the
tumor mass grew rapidly over a few wecks. In the
majority. the skull mass was painless at onset, thus
delaying diagnosis, The longest time delay in diagnosis
occurred in a patient with osteosarcoma scccendary 1o
fibrous dysplasia: he presented difficulty cpening the
Jaws, and swelling of the temporal region. A limited
biopsy was thought to represent fibrous dysplasia. The
diagnosis of malignanmt transformation was ¢stablished
years later when he presented signs of intracranial
invasion. In two palients with postradiation sarcomas,
the second lesion was believed 1o represent recurrence
of the vriginal tumor, The 9-year-old child with bilateral
ratinobiastoma presented with a mass on the bregma.
and the 28-vear-old man, who received radiation therapy
(4000 rad) along with Radon seed implants (1.9 uC)
presented with a skull mass along with proplosis and
carly papilledema.

On examination. the mass lesions were 1nitially
thought to be benign in six patients. The most frequent
dhagnosis was that of a “sebaceous cyst™ or “ostcoma’”
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FiGg. 2. Surgical specimen of a huge osteogenic sarcoma in the
occipitopanetsl region of the skull 1n a 28-vear-alkd woman. The tumal
extends mostly extracranially but definile involvement ol the external
and internal lahles of the calvaria s noted.

of the skull. Even following radiologic evaluation. the
radiologic findings were atypical enough to mimic benign
entities in two others. Laboratory values of serum alkaline

Frii 3 Typical selerotic osteogeniz sarcoma of the panelal region
of the skull vault ansing in a 48-vear old man with polyestouc Paget’s
disease, Synchronous sarcomas arose in the dght flium and Lo vertehra,
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Fii. 4. Osteogenic sarcnma of the skull Location of tumors o 14
patients.
phosphatase were available in 'l patients. and ranpzc

from 117 to 386 International Units in the pabients with
de nove tumors, and values ranging from 300 to 2¥9K
in patients with Paget's sarcoma. No elevation was notad
in the two patients with radiation related sarcomas. {he
elevation of alkaline phosphatase wds 4 nonspeainc
finding, and was more uscful in determining resulis of
therapy than in the original differential diagnosis.

The clinical size of the sarcoma varicd from 3 1o
more than 8 cm in greatest diameter, and in oieh
patients the lesions measurcd more than 6 cm in greates:
diameter. In cight patients sufficient details of the roent-
gen examination were available. Four of these hud
purely lytic, three sclerotic and ane a permeattve type
of osseous destructive lesion (Fig. 3). In six the radio
graphic character of bone destruction was not mentivned.

The location of the 19 osteogenic sarcomas is depieicd
in Figure 4. Thiricen sarcomas occurted in the calvariu
and six involved the skull hase.

Histologic examinution showed the osteogenic suivo-
mas to be fully malignant. In all bul three cases, thes
could be divided into well recognized subtypes excepl
those three cases in which no predominant histologic
growth pattern (also called mixed histelogic patternt
could readily be ascenained (Table &), The most frequent
histologic type by far was the ostcoblastic variant (mine
cases) constituting almost one halt of ail other cases
(Fig. 3). Osleoblastic osteogenic sarcoma was also the
most common histologic type associated with the sit
Paget's sarcomas (three cases) {Fig. 6], Next in frequeny
were those of the telangiectatic types {two cases) dr ~Ing
in Pagets disease and the remaining sarcoma showyd
no predominant histologic growth pattern.

R
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Tapre |. Histologic Vanants in Osteogenic Sarcoma of the Skull
Tvpe No. k"
Osteoblastic 9 47.0
Chondrosarcomatous 3 16.0
Telangectatic 2 10,5
Fibrohistiocytomatous 2 0.5
Mixcd patiern 3 6.0
Toral 19

1.0

In spite of the ready availahility of the CT scans in
six patients, the manifold and disparate presentations
often precluded achieving accurate diagnoses except for
identifving the presence, the exact site and size of the
tumor. By this method of examination the diagposis of
meningioma and giant cell tumor of the skull base were
made. Qnly in one instance was the sarcomatous con.
version of a Paget’s disease of the skull confidently
predicted by CT scans (Figs. 7A and 7B).

In patients who had residual sarcoma following surgical
excision, or subsequently developed clinical recurrence,
radionucleide bone scans were of considerable use and
found to be superior we a CT scan.

Fic. 3. Heavily ossihed osteogenie sarcoma of the skull i which the
sarcomatous stramal cells are surrounded by twmor osteond and bone,
a process referred as 'normalization” {11 & [ > 100}

Cerebral angiography revealed in most instances the
tumors 1o be fairly well vawculanzed and supplied by
dural arterial vessels emanating from the external caroud

FIG. 6. Osteogenic sarcoma arising in Paget's disease of bone, Pagetic bony trabeculae surrounded by anaplastic osteoid preduciog fibroblastic

sarconma celis (H & E = 100)
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arterial system. Tumor location over the supcrior sagittal
or the transverse sinuscs. cspecially in récurrent lesions,
resulted in sinus occlusion: in this setting sinus mmvasion
was strongly suspected on cerebral angiography.

Treatment

Since this study spans over a 40 year period, there
was considerable variation in therapeutic approaches. In
the more recent cases, computenzed tomoegraphy allowed
more accurate assessment of tumor mass as well as
degree of intracranial invasion, and thus encouraged 4
more aggressive surgical approach. Of the six patients
with Paget’s sarcoma, four underwent radiation therapy
following aspiration biapsy and two had major surgical
resections, with one postoperative death due to myocar-
dial infarction. Examination at autopsy in this patient
revealed no evidence of intracranial residual tumaor but
micrometastases in the lung. All patients with Paget’s
sarcoma died of their disease withan 6 months. Their
climical course suggested early intracranial invasion and
no response to external radiation therapy was noted.
The two patients with postradiation sarcemas undenwent
subtotal resection followed by additional radiation ther-
apv. One is a long-term survivor who underwent multiple
resections. This patient finally died of a brain abscess 3
years later. The other patient showed no response 1o
rudiation therapy. In the ten patients with de nove
sarcomas, treatment could be divided into three major
groups, on the basis of surgical therapy. Two patients
underwent biopsy only while seven had varying degrees
of subtotal resection, and a complete resection was
performed in one patient. Five patients received post-
operative radiation therapy of deses ranging trom 3000

¥al. 56

FIGS. 7A aN© 7B. (A, left) Aval
CT ~can wilth contrast m Pager’s
sarcoma nf the lemporepanetai ro-
wino showing early miractamal in-
vasion, as wel as volvement of
the scalpy This 7i-vear-obd pabient
presented with o Mluctuant walp
mass. that was thrught (0 ke o
schaccous cysic (B, mght! Axal O
scan with skeletal windows on pa-
tienl above showing patchy difuse
involvement with thickening ol the
valvanum Lhat indicate severe Pay
el’s disease.

to 6000 rads over a 5- to 6-week pertod using megavoltag,
equipment. The paticnt who underwent subtotal resec-
tion in addition to 6000 rad radiation therapy has lived
10 yedrs, but has progressive neurologic symptoms prob-
ably due 1o radiation. Eight patients received chemuo-
therapy. Initially dactinomycin and nitrogen mustard
were used in three patients 1o supplement radiation
therapy, Since 1972, the chemotherapoutic regimens
were those developed by Rosen for the ireatment ol
extremity osteosarcomas.”® They included the use ol
high-dose methotrexate. BCD (bleomvein—-Cytoxan (vin-
cristine}<dactinomycin), and Adnamyein (doxorubicin)-
cisplatin drug combinations. Modifications in subsequent
therapy were made following repeat resection of residuul
tumor, which allowed pathologic asscssment of tumo
response,

Overall results of treatment ure shown in Tigure 3
The patients with Pagel’s sarcoma had the poores
prognosis, with a median survival of 4 moenths. with no
patient living to | year. Of the three other patents with
secondary sarcomas. there was one long-term survive:
of 3 years who developed osteogenic sarcoma following
retinoblastoma therapy. Of the ten patients with de move
tumaors, there are four long-term survivors (more than
3 years). and all are currently disease-free. Three ol
these patients have undergone both extended surgieal
resection, as well as intensive combination chematherapy

Discussion

After the vertebral column, particularly the sacruin.
the skull is the next mast commonly involved bone '
uncomplhicaled Paget’s discase. The early Wvtic phase o
this disease process is known at least since 1927 -
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mustard ; SATCOMAS arise at this site *0-* a sarcoma arising in Paget's disease of the skull.
radiation ) The majonty of patients with osteosarcomas present The usually accepted radiographic features ot ostco-
regimens j with painless mass lesions and a complete radielogic genic sarcoma arising anew from the skull are found
tment of evaluation is indicated. This should include both bone wanting in the selting of a bone sarcoma comphicating
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. with no therapy prior to definitive surgical resection in this group plain radiographic examination an carly lytic destructive
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suspicious radwolucencies of the skull in patients with
stigmata of Paget’s disease. Rarely, the patients’ com-
plaints are related to pagetic lesions other than those in
the calvaria. and the skull involvement becomes obvious
only by a thorough examination, primarnly aimed at
other sites. In other instances. which are the norm, the
symptoms arise from the skull lesion primanty, and this
in turn fcads 10 the discovery of polvositotic involvement

by Paget’s discase. The strict radiologic separation of

osteogenic sarcoma complicating Paget’s disease and
those showing only changes of uncomplicated discasc
without sarcoma may be difficult in some cases. The
presence of a soft tissue mass in addition to the typical

mtion of the true nature of a pawchy radholucency
engrafted on a Paget’s disease. Companson of sequentiai
radiographs are of considerable help. Techniques of CT
scanning scem to provide the often needed refinement
in positively identifying cven the earliest irregulannies
in the cranial outlines and cortical deformitics.®’ Impor-
tant additional data concerming dural extension of tumor
as well as brain involvement are readily obtainable from
studving CT scans. Some studies indicate the value ol a
complete neuroradiological evaluation including selective
angiography to delineate the best therapeutic strategy.™

In spite of reports to the contrary, Paget’s sarcomas
affecting the skuil did not occur more frequently n
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wormmen than men in this study.* Osteogenic sarcoma
arising 1n the skull, both the primary or the sccondary
type, Is in general a disease of the skeletally mature in
contrast to those which affect the appendicular skeleton,
where 1t s morc likely to appear during the skeletal
growth spurt. A similar relationship between age and
the skeletal distribution pattern exists in canines and
smaller animal breeds as well.*~* Older Boxer dogs are
most frequently affected hy osteogenic sarcomas of the
skull, while the same site is practically never noted in
St. Bernards and Great Danes, where the forelimbs are
preferentially involved,

The zarly symptoms of calvarial osteogenic sarcomas
are characterized by an intermittent neuralgic type of
pain, quite severe. which may be experienced hefore the
tvpical circumfcrential thickening of the skull of Paget’s
discase becomes obvious. A rapidly growing scalp mass
often heralded the presence of a Paget’s sarcoma. In
more advanced stages of the sarcoma the deformity
of the skult due to the tumer mass is quite noticeable.
On incisional biopsy excessive bleeding may ensue due
to the extreme vascularity of both surrounding pagetic
bane and bane marrow as well as the osteogenic sarcoma.
A needle biopsy here provided quick diagnosis without
undue bleeding.

The roentgen appearances of osteogenic sarcoma of
the cranium were varable and the purely lytic ones
were slightly more common than the scleratic or the
combination of these two presentations. The predomi-
nantly lvtic destructive lesions are almost totally those
of an area of bonv destruction. In the sclerosing types
of sarcomas a great deal of tumor bone 1s produced and
the plain radiographs show features of cxcessive bonc
formation, sometimes with a “sun-ray’”’ or *“hair on
end” appearance. An intermixture of both sclerotic and
lvtic destructive areas is often featured. None of the
ostecgenic sarcomas secmed to arise in parosteal location,
although this presentation may be occasionally seen in
felines and canines.****

The treatment of osteogenic sarcoma arising 1n the
skull has entered a protracted period of trial and profound
challenge. The dominant issue here is simply whether
the maior current treatment advances and markedly
improved prognosis, as are true with histologically similar
lesions affecting the appendicular skeleton, can readily
be translated into the cranial site as well. Can aggressive
preoperative chemotherapy turn around the bleak sur-
vival prospects of patients with calvarial osteogenic
sarcama? Is the tull range of the previously unavailable
but currenily almost commonplace therapeutic and di-
agnastic pursuits now on the verge of resounding success
in obtaining better all around survival results? The
overall previous records of survival statistics are 2 sorry

CANCER Seplember |
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catalogue cf massive locally recurrent discase and ulti-
mate failure; hopefully all this will be changed.
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